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The hyperlipemia induced in experimental  animals on a low fat, cholesterol- 
free diet by means of the surface-active agent triton WR 1339 has been shown 
to be accompanied  by a significant increase in total body cholesterol (1). This 
finding indicates that the injected agent alters the metabolism of cholesterol, 
and presumably also that of other lipides, causing either a rapid acceleration 
in their endogenous synthesis, or an interference  with their degradation and 
excretion,  or some combination of these  effects.  Previous studies  by others 
have shown  that the liver is  the major site  for both  the synthesis and  the 
excretion  of cholesterol under normal circumstances  (2, 3).  The experiments 
now to be described indicate that the liver is the main, and perhaps the sole, 
source  of  the  increased  cholesterol  in  triton-injected animals,  and  further, 
that the rapid exchange  of cholesterol  which  normally takes place  between 
the blood plasma and the liver is markedly inhibited following administration 
of triton. 
Materials and Methods 
Two groups  of experiments  were  performed.  In one  group,  blood  lipides 
were  studied in  triton-injected animals subjected  to  subtotal hepatectomy, 
in order  to learn whether the liver  is  the principal  source of the increased 
lipides that follows injection of triton. In the other group of experiments,  the 
cholesterol  content of the liver  was determined at varying intervals of time 
following the injection of triton and compared  with that of animals rendered 
hyperlipemic  by cholesterol feeding, this in order to determine whether triton 
has any effect upon the interchange of cholesterol between  the plasma and 
the liver. 
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Animals and D/et.--Adult rabbits  of mixed breeds and both sexes,  supplied by a  single 
dealer were used in these experiments.  The animals were housed  in individual cages with 
constant access to water and Purina rabbit chow. This food is low in fat content and free of 
cholesterol. In the cholesterol feeding experiments, u.  s. P. grade cholesterol was dissolved 
in ether and added to the pellets in the proportion of 1 gm. of cholesterol to 100 gin. of pellets, 
and the ether then allowed to evaporate. 
Surface-Active Agents.--A 12.5 per cent solution of triton WR 1339 in 0.9 per cent sodium 
chloride was used in all cases. 
Chemical Analyses.--Serum cholesterol was determined by the method of Abell et al. (4). 
Liver cholesterol was measured by a modification of the method of Schoenheimer and Breusch 
(5)  as follows.  Duplicate 20 gin. samples of liver, made up of representative portions from 
each lobe, were homogenized in distilled water in a Waring blendor. An aliquot of each ]lo- 
mogenate was extracted for 2 hours in 20 cc. of an alcohol-acetone solution (1: l) containing 
2 gm. of sodium hydroxide. The extraction mixture was neutralized with hydrochloric acid, 
made up to volume, and duplicate aliquots were taken for chemical analysis. The cholesterol 
was precipitated as the digitonide, and measured in a  Klett-Summerson colorimeter by the 
Liebermann-Burchard  color reaction. Liver cholesterol content was expressed  as milligrams 
per gram of wet liver. Since acute protein loss or variations in the degree of hydration of the 
liver samples might influence the cholesterol concentrations when expressed  per gram of wet 
liver, the total nitrogen content of the liver was determined in many of the liver homogenates 
by the method of Ma and Zuazaga (6). No significant changes were noted in the total nitrogen 
concentration of any of the fiver samples examined, and it was concluded that the experimental 
procedures did not significantly alter the protein or water content of the liver. 
Effect of Subtotal Hepatectomy on the Hyperlipemia Induced by Triton 
The liver is, under normal circumstances,  the major site for the endogenous 
synthesis  of cholesterol  (2),  though  other organs  have been  shown  to  possess 
this ability in varying degrees  (7).  In order  to  determine  the part  played  by 
the  liver  in  the  hypercholesterolemia  induced  by  the  injection  of  triton,  an 
experiment was done in which rabbits  subjected to subtotal hepatectomy were 
given  triton  by  vein and  the  effect on  serum  cholesterol levels noted. 
Four rabbits were subjected to hepatectomy according to the technique devised by Mc 
Master and Drury (8). With this procedure about 90 per cent of the liver is removed, leaving 
only the caudate lobe and a  small portion of the posterior lobe through which the inferior 
vena cava passes.  Four additional rabbits had sham operations; the same operative procedure 
was performed except that the liver was manipulated but not removed; the duration of the 
operation and the time of anesthesia were about the same as when hepatectomy was done. 
Upon recovery from the anesthesia, the animals of both groups were each given an intravenous 
injection of triton WR 1339 in a dose of 300 mg. per kilo. Blood samples were drawn from the 
marginal  ear  vein at  intervals until  death  of  the hepatectomized animals.  Following the 
operation all the animals reacted normally for a period of about 12 hours. From this point on, 
the  hepatectom~zed  animals  became  progressively  weaker  and  hypoglycemic,  and  small 
amounts of 5 per cent glucose in saline had to be given parenterally at intervals to sustain life; 
all died, however, within 36 hours following operation. They were examined post mortem for 
evidences of portal or mesenteric vein thrombosis; none were found. 
The serum cholesterol levels of these animals are giveh in Table I. The hepatectomized 
rabbits had no increase in serum cholesterol values during the 30 hour period of observation; 
indeed, two of the four animals had a 30 to 40 per cent decrease. The sera of these animals R.  L.  HIRSCH AND A.  KELLNER  17 
were all crystal-clear, though deeply icteric. The sera from the sham-operated control animals, 
by contrast,  were not icteric and showed the striking lactescence regularly seen when intact 
animals are given triton.  This was accompanied by sharp increases in serum cholesterol, as is 
shown in Table I. The serum cholesterol levels of a representative animal from each group are 
compared in Fig.  1. In another experiment, there was no increase in the serum cholesterol 
levels of three hepatectomized and four sham-operated rabbits  that did not receive triton. 
It  seemed plain  from this  experiment that  the liver is  essential for  the 
hyperlipemia that results promptly following triton injection, for the hepatec- 
tomized  rabbits  given  triton  had  clear  sera  containing  normal  or subnormal 
amounts  of cholesterol,  whereas  the  sham-operated  controls  given  the  same 
dose of triton had milky sera with markedly increased amounts of cholesterol. 
TABLE I 
The Effect of Subtotal Hepateaomy on the Lipemia Induced by Triton WR 1339 
Experimental group  Rabbit 
No. 
ttepatectomized  rabbits 
given  triton,  300  rag. 
per kg., intravenously 
~ham-operated  rabbits 
given triton, 300 rag. per 
kg., intravenously 
0 
~g. 
per cent 
29 
49 
166 
107 
122 
54 
73 
30 
Serum cholesterol 
Hrs, after operation 
16-20 
mg, 
~er cent 
36 
47 
147 
105 
116 
228 
174 
22-24 
rag. 
per cent 
56 
112 
86 
223 
235 
230 
185 
26-30 
rag. 
per cent 
47 
94 
77 
245 
40 
mg. 
per cent 
244 
272 
370 
445 
0 hours--just prior to the injection of triton. 
It appeared reasonable to conclude that the liver is the source of most, if not 
all, of the increased lipides in the triton-injected animals. 
Cholesterol  Content  of the  Liver  in  Rabbits  Made  ttyperlipemic 
by Triton Injection 
Newly  synthesized  cholesterol  reaches  equilibrium  between  the  liver  and 
the  plasma  of normal  animals  in a  matter  of hours as has  been reported  by 
Eckles et al. (9), and similarly, Gould showed that rapid equilibration between 
plasma  and  liver  took  place  when  isotopically  labelled  cholesterol  was  in- 
jected  into  the  blood  stream  (2).  This  rapid  interchange  appears  to be  im- 
portant  in  maintaining  the  homeostasis  of  cholesterol,  for  relatively  small 
increases in the amount of cholesterol in the liver bring about prompt reduc- 
tion and even cessation  of cholesterol synthesis by  the liver (10). It would be 
expected on this basis that the  striking  increase  in serum cholesterol induced 18  PATHOGENESI$ OF HYPFRLIPEMIA. II 
by  surface-active agents would result in a  sharp  curtailment of  cholesterol 
synthesis by the liver; the opposite appears to be the case however, the livers 
of  triton-injected animals having  been  shown  to  produce  cholesterol  at  a 
greatly  accelerated  rate  (11).  This  fact  implies  that  the  cholesterol  of  the 
serum either  does  not pass  readily into  the  liver following the  injection of 
triton, or  that it gains access  to  the liver in a  form that does  not suppress 
cholesterol synthesis. In order  to  investigate this point, the  cholesterol con- 
tent of the liver was determined in rabbits made hyperlipemic by injections 
of triton. 
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MG. % 
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Fro.  I. Serum cholesterol levels of rabbits given a  single intravenous injection of triton 
WR 1339 following either subtotal hepatectomy or sham operation. 
There were two groups of rabbits in this experiment--nine  rabbits each of which received 
3 intravenous injections of triton in the amount of 300 rag. per kilo during a 1 week period, 
and eight normal uninjected rabbits.  All animals were fed a low fat, cholesterol-free diet 
before and during the experiment. The triton-injected  animals were sacrificed in groups at 
24, 48, and 72 hours following the last injection. Blood was obtained for serum cholesterol 
determinations and the animals were then killed by air embolism or by rapid exsanguination. 
The livers were isolated in situ and perfusod with Ringer's solution under moderate pressure 
until the liver became pale tan and the washings almost colorless. The liver was then removed, 
stripped  of attachments and of the gall bladder,  blotted  dry,  weighed, and analyzed for 
cholesterol by the method previously described. The liver cholesterol concentration was ex- 
pressed as mill/grams per gram of wet liver. 
The cholesterol concentrations of the sere and livers of these animals are given in Table II. 
The serum cholesterol of the normal rabbits varied from 22 to 144 rag. per 100 cc. and the 
liver cholesterol from 1.64 to 2.85 rag. per gram, with a mean of 2.11. The serum cholesterol R.  L. HIRSCH  AND  A.  KELLNER  19 
levels of the four animals sacrificed 24 hours after the last triton injection ranged from 370 to 
442 rag. per 100 cc. with a mean of 402, this representing a 5-fold increase over the base line 
level  The liver cholesterol concentrations of these animals,  however,  were  all lower than 
those of the controls, the values ranging from 1.04 to 1.57 rag. per gram, with a mean of 1.31. 
TABLE  II 
Cholesterol Content of Serum and Liver of Normal Rabbits and of Rabbits Given Repeated 
Injergions of Triton 
Experimental group 
Uninjected control rabbits 
Mean... 
Rabbits given triton* 
(a)  24 hrs.  after last in- 
jection 
Mean.. 
(b)  48 hrs.  after last  in- 
jection 
~/~ean.. 
Rabbit No. 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
(c)  72  hrs.  after  last  in-  24 
jection  25 
Mean.. 
Serum cholesterol 
mg.p~ c~t 
22 
39 
39 
40 
51 
73 
99 
144 
76 
370 
370 
425 
442 
402 
910 
980 
1030 
973 
840 
1000 
920 
Liver cholesterol 
rag./,~r cent 
1.64 
1.70 
1.71 
2.38 
2.63 
2.30 
1.91 
2.85 
2.11 
1.04 
1.45 
1.18 
1.57 
1.31 
2.47 
1.71 
1.62 
1.93 
1.93 
1.70 
1.82 
* Each rabbit was given 300 rag. per kg. of triton WR 1339 intravenously on three occa- 
sions during a period of 1 week. 
At 48 and at 72 hours, the serum cholesterol rose to levels between 840 and 1030 nag. per 100 
cc.; despite this, the liver cholesterol concentrations of these animals did not differ significantly 
from those of the control animals. 
It is  clear from this  experiment  that despite  a  marked rise  in  serum cho- 
lesterol levels there was no increase in the cholesterol content of the liver in 20  PATHOGENESIS OF  HYPERLIPEMIA. II 
TABLE III 
Cholesterol Content of Serum and Liver of Rabbits Given a Singl~ Injection of Triton* 
Rabbit No.  Days after injection  Serum cholesterol  Liver  cholesterol 
m&. p~" ¢on| 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
345 
310 
350 
109 
210 
400 
512 
355 
168 
370 
616 
645 
630 
587 
450 
300 
550 
690 
301 
293 
148 
297 
302 
379 
76 
331 
106 
240 
253 
198 
167 
253 
m&. per c~nl 
2.11 
1.94 
1.85 
1.99 
1.40 
2.17 
2.20 
2.08 
2.10 
1.64 
1.91 
2.23 
2.38 
1.28 
2.14 
3.48 
1.67 
1.93 
2.62 
2.29 
2.34 
1.94 
2.17 
2.30 
2.81 
3.15 
1.53 
1.36 
1.83 
2.04 
2.10 
2.31 
2.21 
* Each rabbit was given a single intravenous  injection of 300 rag. per kg. 
the  triton-treated  rabbits,  the  finding being all  the  more  striking  when  con- 
sidered in light of the rapid equilibration that is known to take place between 
serum and hepatic cholesterol in normal animals  (9).  Indeed, during  the first R. L. HIRSCH AND  A. KELLNER  21 
24  hours  following  triton  injection  there  appeared  to  be  a  decrease  in  the 
amount  of  cholesterol in  the  liver.  A  further  experiment was  then  done  to 
compare  the  cholesterol  content  of  the  livers of  rabbits  made  hypercholes- 
terolemic by  triton  injection with  that  of  rabbits  having comparable  serum 
cholesterol elevations due to cholesterol feeding. To broaden  the findings, the 
liver cholesterol of the  triton-injected rabbits was followed during the period 
TABLE IV 
Cholesterol Content of Serum and Liver of Rabbit, Fed Cholesterol 
Rabbit No.  Wks. on diet  Serum cholesterol  Liver cholesterol 
,,.[ 
~g. 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
157 
405 
240 
315 
405 
465 
740 
470 
44 
740 
352 
825 
286 
292 
934 
475 
2120 
1580 
1050 
960 
rag. per cent 
2.31 
3.28 
3.36 
2.32 
4.00 
4.67 
5.27 
8.05 
0.86 
3.94 
1.80 
3.41 
3.38 
4.25 
14.80 
8.49 
8.10 
12.60 
15.50 
5.90 
of rapid rise of serum cholesterol and also during the period of decline toward 
normal levels. 
Thirty-three animals  on a  low fat, cholesterol-free diet  were given a  single intravenous 
injection of triton in a dose of 300 rag. per kilo and were sacrificed in groups at I or 2 day 
intervals during a period of 9 days. A second group of twenty rabbits which received no triton 
was fed a diet containing one per cent cholesterol; 4 of these animals were killed and examined 
each week for 5 weeks. The sera and  livers were prepared  and  analyzed  for cholesterol as 
previously described. 
The cholesterol  concentration  of the livers  of the triton-injected  rabbits  did  not  vary 
significantly from the normal range during the period in which serum cholesterol levels rose 
rapidly  to a peak  of approximately  600 rag. per I00 cc.; furthermore,  they did not change 22  PATHOGENESIS  OF  HYPEP~LIPEMIA.  H 
while the serum levels gradually declined to approximately 250 rag. per 100 co.  (Table HI). 
By contrast, the cholesterol content of the livers of most of the rabbits fed cholesterol rose 
steadily from the outset; thus sixteen out of the total of twenty animals had liver cholesterol 
levels that were strikingly elevated, in some instances as high as 14 and 15 rag. per gram of 
liver, while only four had values that fell within the normal range (Table IV). 
This experiment showed that in cholesterol-fed  rabbits the cholesterol  con- 
tent of the liver rose concomitantly with the rising  level of cholesterol  in the 
plasma,  indicating  that  the  interchange  of  cholesterol  between  blood  and 
liver continued to take place regardless of the degree of hypercholesterolemia. 
In the triton-injected  rabbits,  on the other hand,  the passage of cholesterol 
from the plasma into  the liver was markedly inhibited,  both during  the es- 
tablishment  of  the  hyperlipemia  and  during  the  return  to  normal  serum 
cholesterol  levels. 
DISCUSSION 
The  experiments  reported  herein  demonstrate  two  facts  regarding  the 
pathogenesis of the hyperlipemia induced by means of surface-active agents. 
First,  hepatectomy effectively prevented  the  development of the hypercho- 
lesterolemia,  a finding  which implies  that the liver is the major, and perhaps 
the sole, source of the increase  in cholesterol  in this hyperlipemia.  Secondly, 
the cholesterol  content of the livers of rabbits given triton  remained essen- 
tially unchanged  while  that  of the serum exhibited a  rapid  and  substantial 
rise,  a  finding  which suggests that  in  these animals  newly synthesized cho- 
lesterol can pass freely from the liver into the plasma but cannot pass readily 
from the plasma back into the liver. The latter finding has particular interest 
since  Gould  and  others  have  shown  that  normally  a  rapid  interchange  of 
cholesterol  takes place between the liver and  the plasma  in both directions 
(2,  9). The failure of equilibration between the plasma and  the liver in  the 
triton-injected animals may provide an important  clue to understanding  the 
mechanism of the hyperlipemia induced by triton. It would be of considerable 
interest,  too, to know whether a  similar  interference with the interchange  of 
cholesterol between plasma and liver is present in the hyperlipemias that are 
associated  with  disease  states  such  as  biliary  obstructions,  xanthomatosis, 
and the nephrotic syndrome. 
There  are at least two possible means by which triton  could prevent the 
passage  of cholesterol from  the  plasma  into  the liver.  On  the  one hand,  a 
physicochemical alteration of the interface between the hepatic cells and the 
plasma could effectively block the exchange of cholesterol-bearing  lipopmteins 
between the blood stream and the liver. This, however, would probably pre- 
vent exchange in either direction, and would require that all cholesterol newly 
synthesized by the liver would be excreted into  the bile in order to be ab- 
sorbed into the blood stream. This possibility would seem to be ruled out by R. L. HIRSCH AND  A. KELLNER  23 
the fact that triton-treated rats having greatly accelerated  rates of cholesterol 
synthesis by the liver were found to have no increase in the total daily excre- 
tion of cholesterol in the bile (11, 12). On the other hand, failure of equilibra- 
tion of cholesterol between plasma and liver could be explained by a physical 
or chemical alteration of the circulating  lipoproteins  induced by the surface- 
active agent which impeded their passage from the plasma into the liver. The 
transfer of newly formed lipoproteins  from the liver  into  the blood  stream 
would not be affected,  but once in the blood  stream, the lipoproteins  would 
be subjected to the action of the triton and, in effect, "locked in" the circula- 
tion, as suggested  by Friedman and Byers (12) and by the findings  in the 
preceding paper (1). It is of interest in this connection  that Cornforth, Hart, 
Rees,  and Stock found detectable quantities of triton present  in the blood 
stream for at least 4  days following intravenous injection (13). That triton 
may in fact alter lipoprotein  molecules is suggested by the findings of Brown, 
Boyle, and Anfinsen, who reported that triton formed an irreversible  com- 
bination with lipoproteins in dtro,  and that this combination did not undergo 
optical clearing with active clearing factor (14). 
The hyperlipemia  induced by triton may be explained  on the basis  of the 
hypothesis that triton alters circulating  lipoproteins and inhibits their passage 
across cell boundaries.  Thus, failure of cholesterol to pass into the liver from 
the blood removes one of the physiological factors that normally serve  to re- 
tard cholesterol production by the liver,  and results in continued and even 
accelerated cholesterol synthesis. At the same time, the excretion of cholesterol 
is slowed, since little cholesterol leaves the blood stream to enter the liver for 
conversion  into cholate and excretion  v/a the bile. The combination of a  di- 
minished rate of excretion  and an increased  rate of synthesis results in the 
rapid  development of hypercholesterolemia  and  in  appreciable  increases  in 
total body cholesterol. The retention of cholesterol in the blood stream may 
also  account  for  the  observation  that  cholesterol-fed  rabbits  treated  with 
triton  developed  far  less atherosclerosis  than  did  untreated  cholesterol-fed 
control animals (15). The precise nature of the alteration in circulating  lipo- 
proteins induced by triton remains undisclosed;  it merits further considera- 
tion for the possible light it may shed on the understanding of the transport 
and the metabolism of lipides. 
SUMMARY 
Rabbits  subjected  to  subtotal  hepatectomy failed  to  develop  increased 
serum cholesterol levels following parenteral injection of triton WR 1339, the 
finding indicating that the liver is essential for the establishment of the hyper- 
cholesterolemla induced by surface-active  agents. 
The cholesterol  content of the livers  of rabbits rendered  hyperlipemic  by 
means of triton remained unchanged both during the rapid rise of the serum 24  PATHOGENESIS  O:F  ttYPERLIPEMIA.  II 
cholesterol levels and during the  return to normal  values.  By contrast,  the 
cholesterol content of the livers of rabbits fed cholesterol rose progressively 
over a period of 5 weeks, concomitant with the increase in serum cholesterol 
levels.  The  findings  provide  support  for  the  hypothesis  that  surface-active 
agents  bring  about  hyperlipemia by altering  the  circulating  lipoproteins in 
some manner so that they are retained in the circulating body fluids. 
The authors wish to acknowledge the valuable technical assistance rendered by Mrs. 
Sheila Solomon  throughout these  studies. 
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